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DQG6U7KURXJK WKLV IDFLOH DQG ORZFRVWPRGLILFDWLRQPRQWPRULOORQLWHZLWKD ODUJH%(7





VXUIDFH IXQFWLRQDO JURXSV IRUPHG IROORZLQJ 1D2+ WUHDWPHQW 7KH SHUIRUPDQFH RI 1D2+
WUHDWHGPRQWPRULOORQLWHZDVVWDEOHIROORZLQJJDPPDUD\LUUDGLDWLRQDW*\KIRUPLQ
DQGDFURVVDEURDGUDQJHRIS+VWRH[KLELWLQJDKLJKGLVWULEXWLRQFRHIILFLHQW.GRI
îP/ J IRU&V PJ / DQG îP/ JIRU6U PJ / XQGHU












1XFOHDUSRZHU UHPDLQV DQ DWWUDFWLYH HQHUJ\ VRXUFH DV OHDGLQJQDWLRQVEHJLQ WRPRYHDZD\
IURP FRQYHQWLRQDO QRQUHQHZDEOHV :KLOH QXFOHDU SRZHU DFFRXQWV IRU D VPDOO IUDFWLRQ a
 RI WKH WRWDO HOHFWULFLW\ SURGXFHG WKH WUHDWPHQW RI UDGLRDFWLYH ZDVWHV KDV EHFRPH DQ
HPHUJLQJLVVXH>@7KHFRQFHUQZDVPDJQLILHGIROORZLQJWKH)XNXVKLPDQXFOHDULQFLGHQW
LQ  ZLWK WKH UHOHDVH RI UDGLRQXFOLGHV FUHDWLQJ D VLJQLILFDQW ULVN DQG PDQ\ FRXQWULHV








7R WUHDW UDGLRDFWLYH ZDVWHZDWHU VHYHUDO PHWKRGV KDYH EHHQ GHPRQVWUDWHG VXFK DV FR
SUHFLSLWDWLRQ HYDSRUDWLRQFRQFHQWUDWLRQ FKURPDWRJUDSK\ DQG DGVRUSWLRQLRQH[FKDQJH >@
+RZHYHU VLQFH WKH WDUJHW UDGLRQXFOLGHV &V DQG 6U FRH[LVW LQ WUDFH DPRXQWV LQ D
FRQFHQWUDWHG VROXWLRQ RI FRPSHWLWLYH FDWLRQV LQFOXGLQJ 1D . DQG &D WKH VRUSWLRQ
PHWKRG LV RIWHQ GHVLUHG WR SURFHVV KLJK YROXPHV RI ZDVWHZDWHU OHDYLQJ PLQLPDO ZDVWH IRU
SDFNDJLQJ DQG ODQGILOO GLVSRVDO &RQVLGHULQJ WKH YDULRXV DGVRUEHQWV RUJDQLF PROHFXODU
DGVRUEHQWV >@ RU PHWDO KH[DF\DQRIHUUDWHV > @ KDYH VKRZQ KLJK VHOHFWLYLW\ IRU VSHFLILF




WKH DSSOLFDWLRQ RI ODUJHFDSDFLW\ WUHDWPHQWV GXH WR LQVXIILFLHQW LRQ VHOHFWLYLW\ RU FRPSOH[
SURGXFWLRQSURFHVVHV 

$OWHUQDWLYHO\QDWXUDOFOD\VDUH UHDGLO\DEXQGDQWDQG LQH[SHQVLYHGHPRQVWUDWLQJ UHDVRQDEOH
LRQ H[FKDQJH FDSDFLW\ >@ 6SHFLILFDOO\ PRQWPRULOORQLWH FOD\ 07 KDYLQJ DQ H[SDQGDEOH
OD\HUHGVWUXFWXUHKDVUHFHLYHGVLJQLILFDQWDWWHQWLRQRZLQJWRLWVKLJKFDWLRQH[FKDQJHFDSDFLW\
>@$XQLW OD\HURI07 LVFRPSRVHGRI DQRFWDKHGUDO$O2 VKHHW VDQGZLFKHGEHWZHHQ
WZR WHWUDKHGUDO6L2 VKHHWVZLWKQXPHURXVH[FKDQJHDEOHFDWLRQV VXFKDV1D0J&D
DQG )H H[LVWLQJ EHWZHHQ WKH QHJDWLYHO\FKDUJHG XQLW OD\HUV >@ 7KH LQWHUOD\HU
VSDFLQJ LV DSSUR[LPDWHO\   DQG FDQ EH VZHOOHG LQ DTXHRXV HQYLURQPHQWV >@ 7KH
VHOHFWLYH VRUSWLRQ RI &V WKURXJK WKH VL]HVLHYLQJ HIIHFW RI WKH LQWHUOD\HU VSDFLQJ KDV EHHQ
GHPRQVWUDWHG ZLWK VHYHUDO DWWHPSWV WR LPSURYH VHSDUDWLRQ HIILFLHQF\ E\ FRPSRVLWH
IRUPDWLRQV XVLQJ FDUERQ FKLWRVDQ RU PDJQHWLF SDUWLFOHV >@ 1HYHUWKHOHVV ZKHQ
FRPSDUHGWRUHFHQWO\GHYHORSHGVRUEHQWV07H[KLELWVORZFDSDFLW\DQGVHOHFWLYLW\HVSHFLDOO\
IRU6U VR LW UHPDLQVGLIILFXOW WRFDSWXUHERWK&VDQG6U DQGFXUUHQWO\ LV OHVV DWWUDFWLYH
WKDQRWKHUVRUEHQWV>@

,Q WKH FXUUHQW VWXG\PLFURSRURXVPRQWPRULOORQLWHZLWKDQDEXQGDQFHRI VRUSWLRQVLWHVZDV
SUHSDUHG E\ D IDFLOH DQG ORZWHPSHUDWXUH WKHUPDO DFWLYDWLRQ XVLQJ VROLGVWDWH 1D2+ 7KLV
VLPSOH VROYHQWIUHH SURFHVV LQFUHDVHG WKH 07 VRUSWLRQ FDSDFLW\ IRU ERWK &V DQG 6U
&U\VWDOOLQLW\SRURVLW\DQGIXQFWLRQDOLW\RIWKH1D2+WUHDWHG07ZDVFRQWUROOHGE\YDU\LQJ
WKH 1D2+ FRQFHQWUDWLRQ LQ WKH WKHUPDO UHDFWLRQ 7KH &V DQG 6U VRUSWLRQ PHFKDQLVP RI
















6FDQQLQJ (OHFWURQ 0LFURVFRS\ 6(0 +LWDFKL 68 DW  N9 FRXSOHG ZLWK DQ HQHUJ\
GLVSHUVLYH;UD\VSHFWURPHWHU('6ZDVXVHGWRFKDUDFWHUL]HWKHPRUSKRORJ\DQGHOHPHQWDO
FRPSRVLWLRQRIWKHSUHSDUHGVDPSOHV+LJKUHVROXWLRQLPDJHVRIWKHVDPSOHVZHUHWDNHQXVLQJ
D 7UDQVPLVVLRQ (OHFWURQ 0LFURVFRSH 7(0 -(2/ -(0) DW  N9 1LWURJHQ
DGVRUSWLRQ GHVRUSWLRQ LVRWKHUPVDW .ZHUHPHDVXUHGXVLQJ D0LFURPHULWLFV IOH[ DIWHU
WKHVDPSOHVZHUHGHJDVVHGXQGHUKLJKYDFXXPDW&IRUK7KHVSHFLILFVXUIDFHDUHD
ZDV GHWHUPLQHG E\ WKH %UXQDXHU (PPHWW 7HOOHU %(7PHWKRG 7KH SRUH VL]H GLVWULEXWLRQ
ZDV GHWHUPLQHG IURP D QRQORFDO GHQVLW\ IXQFWLRQDO WKHRU\ 1/')7 PHWKRG ;UD\
GLIIUDFWLRQ;5'ZDVFRQGXFWHGRQD5,*$.86PDUWODEZLWK. OóQPVHWDW
 N9 DQG  P$ )RXULHU WUDQVIRUP LQIUDUHG )7,5 VSHFWUD ZHUH PHDVXUHG ZLWK DQ
DWWHQXDWHG WRWDO UHIOHFWDQFH $75 FU\VWDO RQ D 1LFROHW L6    FP ;UD\
SKRWRHOHFWURQ VSHFWURVFRS\ ;36 ZDV SHUIRUPHG XVLQJ D 6LJPD SUREH 7KHUPR 9*













 PJ / RU 6U PJ / VROXWLRQ IRU YDU\LQJ WLPHV EHWZHHQ  DQG  PLQ $W
































G >@ ,Q DGGLWLRQ )LJV F DQG GFOHDUO\ VKRZ WKHSRURXV VWUXFWXUHVRI1D07DQG




SHUFHQWDJHVRI1D IROORZLQJ WKHGHVFULEHG UHDFWLRQZHUHDSSUR[LPDWHO\DWDQGDOPRVW
LQGHSHQGHQWRIWKH1D2+FRQFHQWUDWLRQ,QDGGLWLRQWKHUDWLRRI6LWR$OWHQGHGWRGHFUHDVH
ZLWKWKHLQFUHDVLQJ1D2+07UDWLRZLWKWKH6L$OUDWLREHLQJWKHORZHVWDWIRU1D07




6DPSOH 6L$O 1D$O 1DDW
07   
1D07   
1D07   
































)LJ   D 1DGVRUSWLRQ LVRWKHUPV DW  . DQG E SRUH VL]H
GLVWULEXWLRQVIRU071D071D07DQG1D07


































UHIOHFWLRQ RI 07 DSSHDUHG DW  LQGLFDWLQJ D EDVDO SODQH VSDFLQJ G RI  QP
&RQVLGHULQJ WKH WKLFNQHVV RI D VLQJOH 07 OD\HU LV a c WKH LQWHUOD\HU LRQH[FKDQJHDEOH
VSDFLQJ LV DSSUR[LPDWHO\  c >@ +RZHYHU WKH  SHDN GLVDSSHDUHG IROORZLQJ WKH
HWFKLQJ RI VLOLFRQ DQG H[FHVV LQVHUWLRQ RI 1D DQG VXUIDFH DFWLYDWLRQ VXJJHVWLQJ OD\HU
H[IROLDWLRQDQGGLPLQLVKHGUHJXODULW\RI WKHODPHOODUVWUXFWXUH$OVRDV WKH1D2+07UDWLR




7KH IXQFWLRQDO JURXSV SULRU WR DQG IROORZLQJ WKH 1D2+ WUHDWPHQW SURFHVV ZHUH DQDO\]HG
XVLQJ)7,5)LJEVKRZVWKDW07KDVFKDUDFWHULVWLFSHDNVRI2+VWUHWFKLQJ
FP2+GHIRUPDWLRQRIZDWHUFP6L2VWUHWFKLQJFPDQGFP$O
2+$O GHIRUPDWLRQ  FP 6L2 VWUHWFKLQJ RI TXDUW]  FP $O26L GHIRUPDWLRQ
FPDQG6L26LEHQGLQJFP>@)ROORZLQJ1D2+WUHDWPHQWWKHSHDNVDWa
FPDQGFPGLPLQLVKHGRZLQJWRGHK\GUDWLRQGXULQJWKHKLJKWHPSHUDWXUH
UHDFWLRQ ,QDGGLWLRQ WKH07SHDNDWFPZKLFKFRUUHVSRQGV WR$O26LGHIRUPDWLRQ
GLVDSSHDUHGIROORZLQJERQGFOHDYDJHGXULQJWKHUHDFWLRQZLWK1D2+DQGDSHDNDWFP
    

       
%LQGLQJ(QHUJ\H9





    
:DYHQXPEHUFP
ZDV SURGXFHG GXH WR WKH IRUPDWLRQ RI DQ RXWRISODQH DPRUSKRXV 6L2 >@ 7KH GDWD LV




)LJ F WKH6LS FRUH OHYHO FKDUDFWHULVWLFSHDN RI1D07  H9 VKLIWHG WR D ORZHU













&V DQG6U7KHFRQFHQWUDWLRQRI LRQV UHPRYHGZDVVLPSO\GHWHUPLQHGE\PHDVXULQJ WKH
LQLWLDO DQG ILQDO VROXWLRQ FRQFHQWUDWLRQV DIWHU  K FRQWDFW )LJ  VKRZV WKH VRUSWLRQ
HTXLOLEULXPGDWDZLWKLVRWKHUPVILWWHGXVLQJWKHZHOONQRZQQRQOLQHDU/DQJPXLUHTXDWLRQ
 










FDSDFLW\ LQFUHDVLQJ LQ WKH RUGHU RI 1D07  PJ J ! 1D07  PJ J !
1D07 PJJ$OVR WKH VRUSWLRQHTXLOLEULXPGDWD IRU6U LQGLFDWH WKDW WKH07
VKRZHGSRRUXSWDNHIRU6UPRVWOLNHO\UHODWLQJWRWKHODUJHK\GUDWHGLRQVL]HRI6U!c
FRPSDUHGWRWKHLQWHUOD\HUVSDFLQJRIac>@+RZHYHUWKHSUHSDUHGVRUEHQWV1D07V
)LJ  6RUSWLRQ LVRWKHUPV RI D &V DQG E 6U IRU 07 1D07 1D07 DQG
1D07ZLWK/DQJPXLUILWVVKRZQE\WKHVROLGOLQHV
























VKRZHG PXFK LPSURYHG 6U FDSDFLWLHV DOPRVW HTXLYDOHQW WR WKDW RI &V ZLWK WKH 1D07
DQG1D07VDPSOHVSURGXFLQJDPD[LPXPVRUSWLRQFDSDFLW\RIPJJDQGPJ
J UHVSHFWLYHO\7KHUHIRUH1D2+WUHDWPHQWRI07QRWRQO\JUHDWO\ LPSURYHG WKHVRUSWLRQ
SHUIRUPDQFH IRU &V EXW DOVR HQDEOHG VLJQLILFDQW VRUSWLRQ RI 6U 0RUHRYHU 1D07
H[KLELWHG WKH KLJK PD[LPXP VRUSWLRQ FDSDFLW\ FRPSDUHG WR RWKHU VRUEHQWV 7DEOH 




VRUSWLRQ  6UVRUSWLRQ 
6RUEHQW 4PPJJ E/J 5 4PPJJ E/J 5
07      
1D07      
1D07      
1D07      


7DUJHWLRQV 6RUEHQW 4PPJJ 5HIHUHQFH











7KH VRUSWLRQ PHFKDQLVP RI 1D07 DQG 07 ZDV IXUWKHU H[SORUHG E\ ;36 DQDO\VLV RI
VDPSOHV SUHSDUHG E\ PL[LQJ  PJ LQ HLWKHU  P/ RI  PJ/ &V RU 6UIRU  K $V
VKRZQ LQ )LJV D DQG E SRVLWLRQV RI WKH 6L S DQG 2 V SHDNV RI 07 GLG QRW VKLIW
IROORZLQJ VRUSWLRQ LQGLFDWLQJ WKDW LRQH[FKDQJH ZLWK LQWHUOD\HU LRQV GLG QRW FKDQJH WKH
ELQGLQJHQHUJLHVRIWKHFRUHHOHFWURQVRI6LDQG2+RZHYHUIRU1D07WKHELQGLQJHQHUJLHV
ZHUHVKLIWHGWRORZHUHQHUJLHVIRUERWK6LSDQG2VIROORZLQJ&VVRUSWLRQ)LJVFDQG
G VLQFH FHVLXP KDV D ORZHU HOHFWURQHJDWLYLW\ WKDQ VRGLXP ,Q WKH FDVH RI 6U H[FKDQJH
ZLWK1DLQ1D07WKHHOHFWURQHJDWLYLW\RIVWURQWLXPLVVLPLODUWRWKDWRIVRGLXPKHQFHWKH
6U VRUSWLRQ GLG QRW VKLIW WKH ELQGLQJ HQHUJLHV RI 6L DQG 2 >@ 7KXV IRU 1D07V LRQ
H[FKDQJH RFFXUUHG YLD WKH FKHPLFDO LQWHUDFWLRQ DW WKH 6L21D VXUIDFH IXQFWLRQDO JURXSV
%DVHGRQ WKH;5'GDWD LWZDV VKRZQ WKDW1D07H[KLELWHGDKLJKHUFU\VWDOOLQLW\ WKDQ WKH
PRUH DPRUSKRXV 1D07 VDPSOH VDPSOHV H[KLELWHG VLPLODU VRGLXP DWRPLF SHUFHQWDJHV
ZKLFK PD\ FRQWULEXWH WR WKH HQKDQFHG SHUIRUPDQFH &V VRUSWLRQ RI 1D07 VLQFH LRQ




































DOO &V GXH WR LQVXIILFLHQW DIILQLW\ EXW 1D07 UHPRYHG a LQ RQH KRXU DQG  DW
HTXLOLEULXP)RU6UUHPRYDO)LJEVLPLODUO\07GLGQRWUHPRYHDOO6UGXHWRDORZ
DIILQLW\ EXW 1D07 UHPRYHG a 6U LQ RQH KRXU DQG DSSURDFKHG HTXLOLEULXP LQ WZR
KRXUV1D07VKRZHGIDVWVRUSWLRQIRUERWK&VDQG6UWKXVPDNLQJWKHSUHSDUHGVDPSOHV
XVHIXOIRUSUDFWLFDODSSOLFDWLRQV$VVKRZQLQ7DEOHFRPSDULQJWKHLQLWLDOVRUSWLRQUDWHVRI
1D07 DQG 07 WKH 9 YDOXHV RI 1D07 ZHUH JUHDWHU WKDQ 07 IRU ERWK &V DQG 6U
VRUSWLRQ 7KXV WKH VRUSWLRQ UDWH SHUIRUPDQFH ZDV ODUJHO\ LPSURYHG DORQJ ZLWK WKH LRQ
H[FKDQJH FDSDFLW\ 6XFK LPSURYHPHQWV FDQ EH DVVRFLDWHG WR WKH PRUSKRORJLFDO WUDQVLWLRQ
LQFUHDVLQJ WKH PDWHULDO SRURVLW\ WR HQKDQFH DFFHVVLELOLW\ RI&V DQG 6U LRQV WR WKH DFWLYH
VLWHV

7KHGLIIXVLRQFRQWUROOHGPRGHOZDV DOVR FRQVLGHUHG WR DQDO\]H WKH VRUSWLRQNLQHWLFVE\ WKH








ZDV GLYLGHG LQWR WZR SDUWV DQG ILWWHG XVLQJ WKH GLIIXVLRQFRQWUROOHG PRGHO 7KH WZR OLQHDU
UHJLRQVUHSUHVHQW WKHPXOWLVWDJHVRI WKHVRUSWLRQSURFHVVH[WHUQDODQGLQWUDSDUWLFOHGLIIXVLRQ
ZKLFKUHODWHVWRWKHILUVWOLQHDUUHJLRQDQGVRUSWLRQRQWKHVXUIDFHLQWHULRUDFWLYHVLWHVZKLFK
UHODWHV WR WKH VHFRQG UHJLRQ 3DUWLFXODUO\ IRU ERWK &V DQG 6U VRUSWLRQ 1D07 LQGLFDWHG
VWHHSHU VORSHV WKDQ WKRVH RI 07 VXJJHVWLQJ WKH IDVWHU LQWUDSDUWLFOH GLIIXVLRQ RI 1D07
IROORZLQJWKH1D2+WUHDWPHQW
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07 î   

î   
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